Background: Breast cancer is currently the most commonly diagnosed cancer in women and the second leading cause of cancer mortality among women, with left sided disease being slightly more common than right sided disease (1). Cardiac complications have been shown to arise in women who received radiotherapy in the decades following (2). With earlier diagnosis capabilities and the increasing life expecting of individuals, these complications and preventions for them become concerns. A deep-inspiration-breath hold (DIBH) offers several potential improvements compared to the standard free breathing (FB) radiotherapy procedure by pulling the heart posteriorly and inferiorly while expanding the anterior chest wall anteriorly immobilizing the target while distancing surrounding normal tissues as seen in Figure 1 (3) . Setup and monitoring of a patient DIBH are the challenges in providing a successful treatment. The patient must be able to achieve a reproducible and stable DIBH for every treatment fraction to replicate their simulation in order to receive an adequate dose distribution from the treatment plan. Surface imaging provides a mechanism to monitor the position of a patient's surface that is non-invasive, non-ionizing, and requires no additional external markers placed on the patient. Surface imaging also supplies position information in six degrees of freedom for the surface under inspection. It is for these reasons and advancements in technology that have led us to implement a DIBH treatment procedure for left breast radiotherapy. Methods and Materials: Initially a training session is held to familiarize the patient with the DIBH procedure and the breathing signal displayed in the visual goggles. A CT scan of the patient at DIBH is acquired and used for treatment planning. The patient must maintain the breath hold for approximately 35 seconds, or the duration of the CT scan. Treatment planning is performed as usual. The plan and skin contour, which contain the isocenter information and the surface information respectively, are exported from the treatment planning system (TPS) and imported into the surface imaging system (SIS) constituting the reference surface for treatment. This reference surface approximates the possible full expansion volume of the thorax as well as the treatment target DIBH volume. A region of interest (ROI) consisting of the area to be monitored during treatment is selected. This ROI includes a rectangular area centered on the sternum as well as medial portions of the breasts shown in Figure 2 . This ROI allows an adequate frame rate for real time visualization and excludes extraneous anatomy unnecessary for monitoring during the procedure. A set of video goggles, connected in series with a scan converter and the SIS computer, supply visual aid allowing the patient to visualize their breathing signal. Figure 3 demonstrates the display the patient sees in the goggles. As they inhale their breathing signal, and chest surface, will rise until reaching the target DIBH volume and position. Three cameras monitor the patients' surface and a high speed matching algorithm compares the actual patient surface to the reference surface. Any displacements between the two positions are displayed visually and numerically in real time by the graphical user interface of the SIS constituting the real time deltas and breathing signal. The patient is initially setup at FB then asked to perform a DIBH. The treatment beam is active only when the real time deltas are
within predetermined tolerances, that is, when the patient is at a DIBH level that matches the planning position. The patient can then visualize when they have inhaled approximately the same volume as the treatment plan reference position DIBH. The patient must repeat the breath hold as many times as necessary to achieve the prescribed dose. Results: 15 patients have completed this new treatment. 2 were excluded for inability to achieve a reproducible and stable DIBH. 4 had adequate data acquired for setup evaluation. Treatment times for those 4 patients were 16.8 minutes on average with 14.2 minutes for setup. On average 6 breath holds were required for setup. Rotational errors were the most difficult to correct for. The average magnitude in patient translational position variation from the reference surface was 0.4 mm. These results can be seen in table 1. The average reduction between DIBH and FB for the mean dose and volume receiving 50% of the prescribed dose to the heart was 38% and 89% respectively. The mean dose to the LAD was reduced by 50% between FB and DIBH.
Conclusion:
The workflow we have implemented has proven to be effective and efficient for clinical purposes. Surface imaging provides adequate real time information valuable to the treatment process. Visual aid has helped patients achieve DIBH with high reproducibility and stability. 
